The determinants of nocturnal enuresis in homozygous sickle cell (SS) disease have been investigated in 16 enuretic and 16 age and sex matched non-enuretic children. Overnight fluid deprivation tests (8pm-8am) demonstrated no significant difference in maximum urine osmolality or urine volumes, although the latter tended to be higher in the enuretic children. Maximum functional bladder capacity, estimated by maximum voided volume during oral fluid loading, was lower and the ratio of overnight urine volume to maximum functional bladder capacity higher in the enuretic than the non-enuretic group. Enuretic children were more likely than nonenuretics to be considered deep sleepers by their family.
The association between nocturnal enuresis and homozygous sickle cell (SS) disease has been attributed to poor urinary concentrating ability and obligatory high urinary volumes,14 although there is no experimental evidence to support this hypothesis.
A recent report from this unit documented a higher prevalence of nocturnal enuresis at age 8 years in children with SS disease than in control children with a normal haemoglobin (AA) genotype. 5 In SS disease nocturnal enuresis was more common in children from large families but no consistent association could be demonstrated between enuresis and various measures of haematological and clinical severity.
In adults with SS disease the maximum urinary osmolality during fluid deprivation is fairly constant but in children it is variable and not clearly related to age. 6 The present study sought to investigate the association of urinary concentrating ability and nocturnal enuresis in children with SS disease.
Subjects and methods
The subjects were selected from children enrolled in a cohort study of sickle cell disease set up by the Medical Research Council Laboratories at the University of the West Indies in Kingston, Jamaica. Neonatal cord blood screening of 100 000 consecutive normal deliveries at the local government maternity hospital between July 1973 and December 1981 identified 318 cases of SS disease, 201 case of sickle cell haemoglobin C (SC) disease, and 47 cases of the two types of sickle cell 13 thalassaemia7 and these, along with 250 normal blood (AA genotype) controls, have been followed up from birth.
A questionnaire identified all children with SS disease who had been enuretic from birth and at the time of the study were enuretic nightly. The oldest eight boys and eight girls were selected from this group and matched by age and sex with 16 control children with SS disease all of whom had become dry at night before 4 years of age. The children were admitted to hospital for overnight study after informed consent had been obtained from their parents or guardians. At the time of the study they were all clinically in steady state, none having had significant illness for at least three weeks.
After physical examination and measurement of height and weight, blood was taken for determination of routine haematological variables, electrolytes, urea, creatinine, and plasma osmolality. From 8 pm to 8 am, a fluid deprivation test was performed, without the use of exogenous antidiuretic hormone. The children were in bed from 10 pm to 6 am during which urine was collected in enuretic boys by Paul's tubing, attached to a catheter bag allowing emptying after each voiding, and in enuretic girls by awakening every two hours. All urine samples were collected serially, the volume measured, and an aliquot deep frozen for later measurement of urine osmolality. Body weight was monitored throughout the study, more than 5% loss being taken as an indication to abandon the test. At the end of the fluid deprivation test, blood samples were examined again for all indices measured at the start and the children were given breakfast and encouraged to drink freely.
Later the same morning maximum functional bladder capacity was estimated by measurement of maximum voided volume during diuresis induced by oral fluid loading. A minimum of 40 ml/kg was taken orally by the children, the nature of the fluid depending upon personal choice (water, carbonated soda, juice, or syrup). After this they were encouraged to drink freely and during the ensuing diuresis instructed to wait as long as possible before emptying their bladder. All of the tests were conducted by one observer (DRJR) to ensure a similar degree of The results in enuretic and non-enuretic children were compared by Wilcoxon's paired test and the x2 test for trend. Association between variables was assessed by the product moment correlation coefficient.
Results
The ages of enuretic (mean 10-7 years, range 8-7-13-8) and non-enuretic (10-4 years, 8-3-13-6) children were similar when assessed separately for boys and girls or for the sexes combined. Body surface area was similar in the two groups (enuretic children mean 1-03 m2, range 0-83-1-47; non-enuretic children 1 05 m2, 0-88-1-40). No appreciable sex differences were apparent in any of the results, which were therefore pooled for analysis.
Some haematological and biochemical data before and after fluid deprivation, are compared in table 1. Mean corpuscular haemoglobin concentration was similar in enuretic and nonenuretic children before but fell to significantly lower concentrations during fluid deprivation in the non-enuretic group. Fetal haemoglobin concentrations were higher in the non-enuretic group both before and after fluid deprivation. Creatinine concentrations were similar for the two groups before and after the test. Urea concentrations were higher in non-enuretic children after fluid deprivation but the trend toward higher concentrations before did not reach significance.
Maximum urine osmolality during fluid deprivation was similar for the two groups (table 2) , although values varied considerably. Plasma osmolality did not differ between the groups either before or after fluid deprivation and increased by a similar extent in both enuretic and non-enuretic subjects.
The volume of urine (corrected for body surface area) passed overnight (10 pm-6 am) and during the 12 hour period of fluid deprivation (8 pm-8 am) did not differ between the groups but enuretic children tended to have higher overnight urinary volumes (table 3) . One enuretic child produced urinary volumes far in excess of the others but even after exclusion of his figures, the tendency toward higher overnight urine volumes in the enuretic group persisted. Body weight lost during the test reflected 12 hour urinary volumes, and exceeded 5% in only one child. This was at the final weighing and it was not necessary to abandon the test. Maximum functional bladder capacity (corrected for body surface area) was lower, and the ratio of overnight urine volume to bladder capacity higher, in enuretic children (table 3, fig  1) . The overall correlation between maximum bladder capacity and overnight urine volume was poor (r=0-25, p=0 2) but was better for the non-enuretic (r=0-62, p=0 04) than the enuretic even excluding the one child with excessive urinary volumes (r=0-04, p=0 9).
In a subjective assessment by their families enuretic children were more likely to be deep sleepers (X2 test for trend, p=0-01).
Discussion
The present study refutes the hypothesis that nocturnal enuresis in SS disease simply reflects a more severe defect in urinary concentrating ability with higher urinary volumes, as maximum urine osmolality and urinary volumes during fluid deprivation were similar for enuretic and non-enuretic children. The tendency toward higher overnight urine volumes in enuretic children is difficult to evaluate because maximum urine osmolality and 12 hour urine volumes were similar in the two groups. It could reflect higher fluid intake before the test or an abnormality of the circadian rhythm of urinary volume, but further study would be necessary to clarify this.
The observed differences in haematological and biochemical variables are of questionable significance. The higher urea concentrations after fluid deprivation in non-enuretic children are unlikely to reflect true variation in renal function because no difference occurred in creatinine concentrations, maximum urine osmolality, or urine volumes with fluid deprivation.
The association of enuresis with low concentrations of fetal haemoglobin both before and after and with high mean corpuscular haemoglobin concentration after fluid deprivation is interesting. Both low fetal haemoglobin and high mean corpuscular haemoglobin concentrations theoretically enhance sickling and might cause more severe damage to the vasa rectae system of the renal medulla and more profound hyposthenuria. The weakness of the association with fetal haemoglobin and the lack of an association between enuresis and lower maximum urine osmolalities with fluid deprivation, however, casts doubt on this suggestion. Moreover, the higher mean corpuscular haemoglobin concentration in enuretic children after fluid deprivation resulted from it falling in the non-enuretic children rather than a rise in the enuretic group.
The enuretic children had lower maximum functional bladder capacities and higher ratios of overnight urine volume to bladder capacity. A ratio of 1 implies that the entire overnight urine volume may be accommodated within the bladder and it is of interest that this ratio was exceeded in 10 out of 14 in the enuretic group but in only one out of 14 in the non-enuretic group. With ratios exceeding 1, nocturnal urinary continence requires the child to inhibit bladder emptying during sleep, and also to get up during the night to urinate. Delay in attaining continence and hence a higher prevalence of nocturnal enuresis at a given age might therefore be expected.
A recent study from Denmark, on highly selected, severely enuretic patients without sickle cell disease, reported that overnight urine volume exceeded maximum bladder capacity in all subjects, although bladder capacity did not differ between enuretic and non-enuretic subjects.9 Other reports of maximum bladder capacity in enuretic and non-enuretic children without sickle cell disease have produced conflicting results depending upon the methodology. Maximum voided volumes have indicated smaller bladder capacities in enuretic subjects,'0 " but direct measurements under anaesthesia found no difference." It is for this reason that we have used the term maximum functional, not anatomical, bladder capacity.
Depth of sleep has been reported as a determinant of enuresis in children without sickle cell disease'2 and a similar relationship was apparent in children with SS disease in the present study, although the highly subjective method of assessment does not allow firm conclusions.
The aetiology of nocturnal enuresis in normal children is probably complex and multifactorial (fig 2) with the common end point of inability to inhibit bladder emptying during sleep. In SS disease a high nocturnal urinary volume may be important but affects all SS children, implying that other factors are important in exceeding the enuretic threshold. These factors include a small bladder capacity, a high ratio of overnight urine volume to bladder capacity and possibly subjectively deep sleep. Previous studies have shown nocturnal enuresis in SS disease and in normal children is more common in boys, in children from large families, and in those with a family history of enuresis.5 1 15 These observations, plus the finding that nocturia in nonenuretic children and adults with SS disease is more common than in normal controls, 1-3 are consistent with a hypothesis that a variety of factors in SS disease combine to exceed an enuretic threshold. The major implication of these findings relates to treatment, which should aim to convert enuresis in SS disease, into nocturia. Pharmacological treatment with exogenous antidiuretic hormone is inappropriate as the high nocturnal urinary volumes are not thought to be caused by inadequate concentrations of antidiuretic hormone. Tricyclic antidepressants, though possibly having a place in short term treatment, are unlikely to produce long term cure. Enuresis alarms, which aim to condition the child to awake and empty the bladder rather than wetting the bed, are the most logical form of treatment and their effectiveness should be investigated in children with homozygous sickle cell disease.
